data revealed asymptomatic hypoglycaemia (blood glucose 2.8 mmol litre 21 ). She had a history of hypoglycaemic coma 2 yr previously, and continued to exhibit hypoglycaemic faints around once a month before meals. She had leucocytopaenia (WCC 1.2×10 9 litre 21 ). Other laboratory data showed elevations of liver enzymes, amylase, and cortisol levels (Table 1) . Ventricular function on echocardiography was normal. The patient's bone density throughout the body was low, especially at the femoral trochanter, with a T-score of -5.9, meeting the criteria for a diagnosis of osteoporosis. We judged her condition to be life-threatening on the basis of her frequent hypoglycaemic faints and severe leucocytopaenia.
Considering the clinical urgency and severity of the laboratory data, surgery was postponed.
To improve her condition, dietary counselling was conducted by an endocrinologist and orally introduced active vitamin D3 was started for the osteoporosis. In particular, oral intake had to be increased gradually and overeating was forbidden to prevent re-feeding syndrome (RS), even if she had a good appetite.
After 7 months, as her weight had increased to 27.0 kg (BMI: 11.6), she exhibited no hypoglycaemic symptoms and her white blood cell count (WBC) had increased to 2.8×10 9 litre 21 , she was readmitted for surgery.
For the induction of anaesthesia, propofol, rocuronium, and remifentanil were given and the patient's trachea was intubated. For the maintenance of anaesthesia, sevoflurane and remifentanil were used. Electrocardiogram, pulse oximeter, end-tidal carbon dioxide, and rectal temperature were monitored throughout the surgery. There were no adverse events noted during the anaesthesia. The operation time was 2 h 13 min and the anaesthesia time was 3 h 23 min. She entered the intensive care unit after surgery, where she was without complications besides a decreased WBC of 1.2×10 9 litre 21 on postoperative day 1.
Background
The prevalence of AN was estimated to be about 1.2% for females and 0.29% for males. 1 Determinants of AN consist of environmental and innate molecular factors. A significant increase in the incidence of AN was observed in patients born after 1945. The disease still appears to be increasing in prevalence in association with the socio-cultural transitions taking place in non-Western countries. 1 2 Patients with the most severe cases of AN have a high prevalence of serious medical complications such as hypoglycaemia, liver injury, abnormal bone density, RS, hypothermia, and pancytopaenia. 3 4 Although there are several guidelines on the treatment of AN, the paucity of controlled trials suggests the need for better research. 4 Moreover, there has been no research discussing the surgical indications. We experienced a rare case of a patient with extremely severe AN who underwent surgery. Consequently, we aimed to conduct a review of the perioperative management of severely malnourished patients.
Methods
Approval of this study by the Institutional Review Board was obtained. We undertook a systematic review regarding two themes. Perioperative management of severe anorexia nervosa All reports related to the themes were identified through comprehensive searches using PubMed, BioMedLib, and the Japan Medical Abstracts Society with the following terms and keywords: 'anorexia nervosa', 'eating disorder', 'hypoglycaemia', 'leucocytopaenia', 'gelatinous bone marrow', 'surgery', and 'operation'. In addition, the references cited in the checked articles were identified.
Inclusion/exclusion criteria
All the case reports describing surgery in patients with severe hypoglycaemia or severe AN patients were reviewed. Case reports not describing BMI were excluded. Cases with concurrent infection were excluded (because infection strongly affects the WBC count). Gelatinous bone marrow, leucocytopaenia, and degree of weight loss appeared to have a close relationship. 5 6 Surgical cases of AN patients whose BMI was more than 13 kg m 22 were excluded.
Data extraction
The following information was extracted from each article for severe hypoglycaemia and severe leucocytopaenia: year of publication, age, sex, BMI at the time of presentation, BMI at the time of symptom disappearance, presence of infection, outcome, presence of liver injury, body temperature, and presence of gelatinous bone marrow, as shown in Tables 2 and 3 . The following data were collected from articles on severe AN for which surgery was conducted: year of publication, age, sex, BMI at the time of surgery, reason for surgery, type of surgery, and outcome, as shown in Table 2 .
Statistics
BMI data shown in Tables 2 and 3 were analysed using SPSS version 19 software (SPSS Inc., Chicago, IL, USA). The Shapiro-Wilk test was performed. Parametrically distributed data are expressed as mean (95% confidence interval) and non-parametrically distributed data are expressed as median (inter-quartile range).
Hypoglycaemia and leucocytopaenia
We have summarized case reports of AN patients with severe hypoglycaemia (blood sugar ,2.2 mmol litre 21 ) 42 in Table 2 and severe leucocytopaenia (WCC ,3. in the patients who showed leucocytopaenia. These results indicate that gaining weight may be effective in improving severe symptoms such as hypoglycaemia or leucocytopaenia. As summarized in Table 2 , two out of 15 hypoglycaemic patients without infection died, while six out of 13 hypoglycaemic patients with infection died, suggesting that infection contributes to a fatal outcome. Table 3 reveals that patients with leucocytopaenia without infection all survived.
Case reports of surgery
As the prevalence of AN increased, surgery for severe AN patients with BMI of ,13 kg m 22 started to appear from the 2000s, as shown in Table 4 , which summarizes the case reports of surgery for such patients. 43 -51 Most of them involved an emergency, such as aortic dissection, 51 valve disorder, 45 47 48 or central venous catheter insertion. 43 A surgical case of mitral valve replacement, with a BMI of 6.7 kg m
22
, needed biventricular assist device implantation because weaning from extracorporeal circulation was difficult due to the failure of both ventricles. The patient needed various intensive treatments for 150 days after surgery. 45 Table 4 and a report by Devuyst and colleagues 5 revealed four cases of infective endocarditis in young females with AN. 45 47 48 The incidence of infective endocarditis in developed countries is currently between 1.9 and 10.0 per 100 000 people per year. 52 The male to female ratio was 1.7:1, and 60% of subjects were aged 65 and older. 53 Indeed, all these case reports indicate immune deficiency in cachectic females, even in their youth.
Surgical indication and anaesthesia

Hypoglycaemia
Hypoinsulinaemia is one of the signals that begin the process of adaptation to malnutrition, which is present as a consequence of low glucose and amino acid levels. 54 Careless loading of glucose is not recommended, because several cases suggested that an excessive insulin increase via rapid nutritional improvement would cause severe reactive hypoglycaemia. 18 25 55 56 No fluctuation of plasma glucose and hyperinsulinaemia in spite of glucose ingestion may also occur. 7 22 If the patient shows severe hypoglycaemia before surgery, surgery should be postponed. When a patient falls into severe hypoglycaemia during surgery, anaesthesiologists should correct the electrolytes, especially phosphorus, and the blood glucose level. Continuous monitoring is also required thereafter. Ampulla cardiomyopathy is reported to appear after hypoglycaemic coma. 19 In critically ill patients, intensive glucose control leads to hypoglycaemia, which is associated with an increased risk of death. The relationship between hypoglycaemia and death was stronger among postoperative patients. 42 Indeed, the Normoglycaemia in Intensive Care Evaluation and Survival Using Glucose Algorithm Regulation study (NICE-SUGAR) focused on a different set of patients from severe AN, but there is some relationship between hypoglycaemia and death, as shown in Table 2 . estimates of nutritional recovery, the objective of the surgery, and the wishes of the patients must be taken into consideration. The use of granulocyte colony-stimulating factor may be useful in an emergency. 29 58
Cardiac complications
Several cardiovascular complications appear in severe AN patients: sinus bradycardia, decreased left ventricular forces, orthostatic hypotension, orthostatic changes in pulse, mitralvalve prolapse, prolonged QTc interval, increased vagal tone, pericardial effusion, congestive heart failure, and arrhythmia. 59 Severe weight loss can cause shrinkage of cardiac muscle, diminished ejection fractions, and mitral-valve prolapse. 59 60 The risk of death is substantially linked to QT prolongation due to hypokalaemia or to starvation-derived anatomical remodelling of the heart. 4 61 A high proportion of deaths in AN patients are due to cardiac arrhythmia. AN patients easily fall into life-threatening arrhythmia 62 upon the administration of drugs such as neostigmine, edrophonium, or catecholamines because of their sensitivity. 11 63 64 Although there are no reports on the use of sugammadex for severe AN patients, it may be better to use sugammadex than to use traditional drugs such as neostigmine or edrophonium to prevent arrhythmia. Shorter operation time and less invasive surgery are required. Invasive surgery may lead to cardiopulmonary arrest. 45 
Bone fracture
Osteopenia is a frequent and often persistent complication of AN, leading to increased fracture risk throughout life. Malnutrition and low body weight increase the risk of osteoporosis. 3 54 59 A careless change of posture may thus easily result in a fracture around the time of surgery. The use of combined oestrogen -progesterone oral contraceptives has been shown to be ineffective in improving bone density. 65 Supplementation with calcium and vitamin D is recommended. The patient described in our case report was given activated vitamin D3 in preparation for surgery. 
Psychiatric issues
Postoperative conversion disorder is a rare psychological disorder. 66 It is described as a psychological disorder, which is characterized by somatic symptoms with no physiological abnormalities. Risk factors include previous physical disability such as AN, adolescence or young adulthood, and female sex. 67 The Hoover's sign (of unconscious contralateral hip extension during conscious hip flexion) can help to distinguish organic from non-organic paresis of the leg.
Dose of drugs
Young adult female patients with severe self-induced weight loss showed impaired muscle function on strength and exercise measurement and histologically confirmed myopathy. Electromyography has revealed myopathy, while some also had electrophysiological evidence of neuropathy. 68 Because unusually prolonged recovery from neuromuscular block has been reported, a decrease in the dose of neuromuscular drugs is recommended. 64 
Hypothermia
Intraoperative hypothermia delays healing and predisposes patients to wound infections by causing vasoconstriction and impaired immunity. 69 Hypothermia can directly impair immune functions, such as the chemotaxis and phagocytosis of granulocytes, the motility of macrophages, and the production of antibody. 70 The maintenance of body temperature using forced-air warming 71 or warmed infusion is required.
Because the infusion of amino acids accelerates the increase in blood glucose concentration and stimulates insulin secretion in the general population, anaesthesiologists should use them carefully during surgery.
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Nutritional assessment and management
General nutritional assessment
There are methods to assess nutritional status: subjective global assessment and objective data. Subjective global assessment assesses nutritional status based on the features of patient history and physical examination. Subjective global assessment is collated with objective data. Useful objective data are the levels of creatinine, albumin, cholesterol, cholinesterase, rapid turnover protein (transferrin, prealbumin, retinol-binding protein), and nitrogen balance. 73 A blood lymphocyte count .0.8×10 9 litre 21 is also known to be useful to evaluate malnutrition. 74 A risk of severe under-nutrition is considered by the European Society for Clinical Nutrition and Metabolism (ESPEN) working group to be present when at least one of the following criteria is present: weight loss .10-15% within 6 months; BMI,18.5 kg m 22 ; subjective global assessment, Grade C (severely malnourished); and serum albumin ,3.0 g litre 21 (with no evidence of hepatic or renal dysfunction). The influence of nutritional status on postoperative morbidity and mortality has been well documented. 75 76 Seven to 10 days of preoperative parenteral nutrition improve postoperative outcome in malnourished patients. 77 Inadequate oral intake for more than 14 days is associated with higher mortality. 78 To prevent SSI, preoperative nutrition is essential. Nutritional support must be assessed comprehensively, using subjective global assessment and objective data. In cases of difficulty in enteral feeding, amino acid infusion to a central vein may improve the nutritional status. However, nutritional support for 2 weeks may be insufficient for critically cachectic patients with BMI ,13 kg m 22 and symptoms of hypoglycaemia, leucocytopaenia, or both.
Re-feeding syndrome
RS is defined as the metabolic alterations that develop upon the rapid nutrition repletion of severely malnourished patients. The reintroduction of nutrition to a starved or fasted individual results in a rapid decline in both gluconeogenesis and anaerobic metabolism. This is mediated by the rapid increase in serum insulin that occurs on re-feeding. Insulin stimulates the movement of extracellular phosphate, potassium, and magnesium to intracellular compartments. Depleted intracellular stores and a large concentration gradient ensure a rapid decrease in the extracellular concentration of these electrolytes. Hypophosphataemia induces adenosine triphosphate deficiency of cells throughout the body or a decrease in 2,3-diphosphoglycerate in erythrocytes. Potential complications of RS include fatal arrhythmia, systolic heart failure, respiratory insufficiency, and haematological derangements. 79 Central nervous system impairments such as convulsion, delirium, and coma also appear. Six to 10% of hospitalized patients with insufficient nutrition were diagnosed as having RS. 80 81 Gaudiani and colleagues 3 reported that 45% of patients with a median BMI of 13.1 developed re-feeding hypophosphataemia. Prevention is the key to successful management. Monitoring during re-feeding and an appropriate feeding regimen are important. There are numerous published regimens for feeding patients at risk of RS. However, no randomized controlled trials of treatment have been published. Irrespective of which particular feeding regimen is used, the common denominator must be to follow the principles of permissive underfeeding. 83 Khan and colleagues recommend a regime based on current guidelines, published literature, and expert opinion, as shown in Table 5 . 62 82 85 Postoperative nutritional support
Interruption of nutritional intake is unnecessary after surgery in most patients. Early postoperative enteral feeding is feasible in reducing septic morbidity. 86 Surgery elicits the release of stress hormones and inflammatory mediators, which has a major impact on metabolism. These cause the catabolism of glycogen, fat, and protein with the release of glucose, free fatty acids, and amino acids into the circulation, so that substrates are in part diverted from the purposes they serve in the non-stressed state to the task of raising an adequate healing response. For optimal rehabilitation and wound healing, the body needs to be well nourished to mobilize adequate substrates, largely derived from muscle and adipose tissue. Urinary nitrogen loss was found to be increased for about 14 days even by minor surgery, compared with 8 g day 21 in the normal group weighing 70 kg. The addition of infection induced by preoperative malnutrition led to excretion of over 15 g of nitrogen per day. 87 Improvement of nutritional status leads to the accumulation of protein against postoperative acute consumption and prevents cell death induced by the postoperative decrement of immune response, the development of ion channels, or the decrease in signalling cascade. 88 89 For postoperative nutritional support, branched chain amino acid infusion causes a decrease in whole-body protein breakdown and an increase in protein synthesis resulting in a positive protein balance. The administration of hypocaloric dextrose induces hyperglycaemia and it has been shown to be responsible for increased SSI risk in surgical patients. Analgesic techniques such as epidural analgesia or i.v. opioid analgesia attenuate the postoperative nitrogen loss in patients undergoing invasive surgery. 90 
